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(s*) Pharmaceutical composition. 

(53) Phenylalinine derivatives having the general formula: 
R 2 - Y-X-NH-CH-C00H 



and their non-toxic salts, have been found to promote the 
absorption of medicinal substances such as insulin. In the 
above formula, R' is a hydrogen atom, a fluorine atom, a 
nitro group, a hydroxyl group or a hydroxyl group protected 
by an esterifying group, X is -CO- or -S0 2 -, -Y- is a 
straight bond, a lower alkylene group, a substituted or 
unsubstituted vinylene group, or a group having the form- 
fula -CHj-O- or -0-CH 2 -, and R 2 is a substituted or 
unsubstituted phenyl or naphthyl group; or the group 
R 2 -Y-C0- is an N-benzyloxy-carbonylphenylalanyl group, 
an N-benzyloxycarbonyl-4-flurophenylalanyl group or an 
N-(m-methoxycinnamoyl)phenyla!anyl group. 
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PHARMACEUTICAL COMPOSITION 

This invention relates to a ;novel pharmaceutical 
composition or preparation comprising at least one 
phenylalanine derivative as an absorption promoter, 
5 and a medicinal substance. In accordance with the 
invention the absorption of medicinal substances in 
oral or rectal administration is improved. 

The phenylalanine derivative used according to 
the invention is a compound represented by the general 
10 formula (I): 



15 

wherein is a hydrogen atom, a fluorine atom, a 

nitro group, a hydroxyl group or a hydroxyl group 

protected by an esterifying group, X is -CO- or SO,,-, 

-Y- is a straight bond (i.e. the group R 2 -Y-X- is 

20 R-X- ) , a lower alkylene group, a substituted or 

unsubstituted vinylene group, or a group having the 

formula -CH 2 ~0- or -0-CH 2 -, and R 2 is a substituted 

or unsubstituted phenyl or naphthyl group; or the 
2 

group R -Y-CO- is an N-benzyloxycarbonylphenylalanyl 
25 group, an N-benzyloxycarbonyl-4-f luorophenylalanyl 

group or an N-(m-methoxycinnamoyl )phenylalanyl group; 
or a non-toxic salt thereof. 



R 2 -Y-X-NH-CH-COOH 
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DL-phenyl alanine 
S-24 : N- ( 4-chlorocinnamoyl ) -L-phenylalanine 
S-25 : N- ( 4-chlorocinnamoyl ) -D-phenylalanine 
S-26 : N- ( 4-f luorocinnamoyl ) -L-phenylalanine 
5 S-27 : N- ( 4-methyl cinnamoyl ) -L-phenylalanine 

S-28 : N- ( 4-trif luoromethyl cinnamoyl )-L-phenylalanine 
S-29 : N- ( 3-methoxycinnamoyl ) -L-phenylalanine 
S-30 : N- ( 3-trif luroromethylcinnamoyl ) -L-phenylalanine 
S-31: N- ( a-f luorocinnamoyl ) -L-phenylalanine 

10 S-32: N- ( 3-methoxycinnamoyl ) -L-phenylalanyl-L- 
phenylalanine 
S-33 : N- ( 4-toluenesulf onyl ) -L-phenylalanine 
S-34 : N- ( 4-toluenesulf onyl ) -DL-phenyl alanine 
S-35 : N- ( 4-trif luoromethylcinnamoyl ) -D-phenylalanine 

15 S-36: N-( 3-trif luoromethylcinnamoyl ) -D-phenylalanine . 
The above code numbers "s-l to S-36" are our 
own code numbers. These code numbers are used in 
the description hereinbelow. 

The compounds having formula (I) are unique in 

20 that they can be used to promote the absorption of 
mecicinal substances. Phenylalanine per se , 
N-acetylphenylalanine and lower alkyl esters or amides 
of the acids of formula (I), are not useful as 
absorption promoters. The compounds of formula (I) 

25 have asymmetric carbon atoms and may be in D-form, 
in L-form or in DL-form depending upon the specific 
combination of substituents . The phenylalanine der- 
ivatives used in the present invention are known or 
novel, and can be prepared by conventional N-acylation 

3 0 techniques, for example by reaction of a compound 
having the formula: 



NH.-CH-COOH 




35 
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wherein R 1 is as defined above, with a compound having 

the formula: 

R 2 -Y-X-C1 
2 

wherein R , Y and X are as defined above. 
5 The phenylalanine derivatives of the present 

invention may be in a form of a salt, such as a metal 
salt (for example a sodium, potassium, lithium or 
calcium salt) or a salt with an organic base which 
is pharmaceutically acceptable. As the organic base, 
10 there can be adopted amines such as ammonia (ammonium 
salt), dicyclohexylamine and N-methyl -D-glucamine , 
and basic amino acids such as lysine and arginine. 

The phenylalanine derivative of the present 
invention is administered orally or rectal ly, together 
15 with the medicinal substance. In case of insulin, 
not only does the derivative promote the absorption 
of insulin but it also inhibits the degradation of 
insulin in the presence of trypsin and chymotrypsin . 
Particularly, the oral or rectal administration 
20 of insulin for the treatment of diabetes mellitus 

has not been clinically established yet, and the dev- 
elopment of an insulin-absorption promoter that permits 
extended and convenient use for humans is needed. 
The medicinal substances are, for example, 
25 polypeptides or derivatives thereof, or analogues 

of these compounds, which have two or more hydrophobic 
amino acid residues close to each other or in a cluster 
at one or more regions so that the said residues 
interact non-coval ently with the hydrophobic portions 
30 of the adjuvant. For example, there is used a soluble 
globular protein having a cluster or. clusters of 
hydrophobic amino acid residues on the surface, such 
as insulin, insulin-like growth factor I, insulin- 
like growth factor II, pancreatic polypetide, a cyclic 
35 peptide having two or more hydrophobic amino acid 
residues close to each other or in a cluster, such 
as cyclic peptide hormones, and the preferred 



conformation which is induced by the presence of the 
adjuvant from a random coil or other forms of the 
polypeptide and its derivatives and their analogues, 
and having two or more hydrophobic amino acid residues 
5 close to each other or in a cluster at one or more 
regions such as peptide hormones and effectors. 

The absorption promoter of the present invention, 
i.e. the phenylalanine derivative, is usually employed 
on the range of from 0.1 - 2000 mg, preferably 0.2 

10 to 500 mg, to 25U of the medicinal substance (for 
example insulin). 

The absorption promoter may be administered in 
composition form with the medicinal substance. 

Regarding the form of the composition, the 

15 phenylalanine derivative can be used by formulating 
it into a preparation such as a tablet, a capsule, 
an elixir solution, a suspension, etc. 

The phenylalanine derivative and the medicinal 
substance such as insulin can be administered to a 

20 human subject necessitating such treatment in a dosage 
range of from 0 . 1 to 1000 mg per subject, generally 
several times a day, that is, in a total daily dosage 
of 0.2 to 2000 mg. The dosage varies according to 
the seriousness of disease, the body weight of the 

25 subject, and other factors known by those skilled 
in the art. 

The foregoing typical combinations of drug are 
formulated into pharmaceutical compositions as stated 
below. Usually about 0.2 to 500 mg of the phenylalanine 

30 derivative and the medicinal substance such as insulin, 
are blended into a unit dosage form generally 
acknowledged or required for pharmaceutical practice, 
together with a pharmaceutically acceptable vehicle, 
carrier, excipient, binder, antiseptic, stabilizer, 

35 flavouring, and so forth. The amount of each active 
substance in these compositions or preparations is 
adjusted in such a way as to give an appropriate dosage 
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4-Nitro-L-phenylalanine (21 g) was dissolved 
in 10% NaOH (10 ml), and an ethyl ether solution of 
phenoxyacetyl chloride (1.7g) and an aqueous Na 2 C0 3 
solution prepared from Na 2 C02(2.7 g) and water (25 

10 ml) were alternatively added stepwise thereto while 
stirring at room temperature over a period of 20 
minutes. After that, the mixture was stirred at room 
temperature for 3 hours, and then acidified with dilute 
HC1 to precipitate crystals. The crystals were 

15 filtered, washed with water, and re-crystallized from 
dioxan to obtain N-phenoxyacetyl-4-nitro-L-phenylal- 
anine (2.4 g) as needles having a melting point of 
147°C (2.4 g). 
Elementary analysis: 

20 Calc. C 59.30%, H 4.68%, N 8.14% 

Found C 59.47%, H 4.51%, N 8.03%. 
Example 2 

Production of compound "S-8": 



30 chloroform (500 ,ml ) , and N-hydroxysuccinimide (17.3 
g) was added thereto. N , N * -dicylohexylcarbodiimide 
(31 g) was added in portions to the mixture with ice- 
cooling while stirring. The mixture was stirred for 
1 hour- under cooling and then for 7 hours at room 

35 temperature. After the addition of glacial acetic 
acid (10 ml), the mixture was stirred for 1 hour, 
the insoluble matter was removed by filtration and 



25 




H 



4-Phenylbutyric acid (25 g) was dissolved in 
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the filtrate was evaporated to dryness under reduced 
pressure. The residue was allowed to recrystallize 
from ethyl acetate to obtain 4-phenylbutyric acid 
N-hydroxysuccinimide ester (35 g) having a melting 
5 point of 82 °C. 

The above ester (13 g) was dissolved in chloro- 
form (200 ml). This solution was added dropwise to 
a solution obtained by dissolving L-phenylalanine 
(16.5 g) and Na 2 C0 3 (15.9 g) in water (150 ml) while 
10 stirring at room temperature. After that, the mixture 
was stirred for 7 hours and the insoluble matter was 
acidified to a pH of 1.0 with 6N HC1 . The precipitated 
crystals were filtered, washed with water, and 
re-crystallized from 90% aqueous methanol to obtain 
15 N-( 4-phenylbutyroyl ) -L-phenylalanine (11.2 g) having 
a melting point of 178 °C. 
Elementary analysis: 

Calc. C 73.28%, H 6.79%, N 4.49% 

Found C 73.24%, H 6.94%, N 4.46% 
20 Optical rotation: 

[ot]^ 6 = +8.33° (C = 1, acetone) 
In the same manner, the compounds listed in the 
following Table 1 were obtained. 

Table 1 



30 
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Molecular 
Formula 


m.p. 


°C) 


Optical rotation 


s- 


24 


CI8HI6CINO3 


155 - 


158 


r t 30 
[a] D 


- 31.02° 


(C = 1, 


MeOH) 


s- 


25 




157 - 


159 


r i 30 


+ 31.20° 


(C = 1, 


MeOH) 


s- 


27 


C19H19NO3 


135 - 


140 


r 1 2 5 


- 35.89° 


(C * 1, 


MeOH) 


s- 


30 


C 19H16F3 N0 3 


158 - 


160 


20 


- 19.10° 


(C = 1/ 


MeOH) 


s- 


-31 


CI8HI6FNO3 


145 - 


148 


r i20 
[Ql D 


- 50.98° 


(C = 1, 


MeOH) 


s- 


-36 


C19H16F3NO3 


157 - 


160 


[o] D 


+ 19.03° 


(C - 1, 


MeOH) 
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Production of compound "S-ll" 
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L-Phenylalaine (0.1 mole) was dissolved in 2N 
NaOH (50 ml) and ethyl ether (20 ml) was added thereto. 

10 To the mixture, while stirring vigorously with ice- 
cooling, the desired naphthoxyacetyl chloride (0.1 
mole) and 2N NaOH (100 ml) in small portions were 
added. The mixture was stirred for 3 hours at a room 
temperature and washed once with ethyl ether. The 

15 aqueous layer was adjusted to a pH of 2 with 4N HC1 
to precipitate crude crystals. The crystals were 
placed on a filter paper, dried and re-crystallized 
with from ethyl acetate-petroleum ether. 

Compound "S-12" was produced in the same manenr. 

20 The results in respect of compounds "S-ll" and 

"S-12" are given in the following Table 2. 

Table 2 



Compound 


Melting Point 


[a3 D 


Yield of 




(°C) 


(C = 1, 


Purified 






methanol ) 


Crystal s 


S-ll 


137 - 142 


-10.6° 


(%) 
33 


S-12 


173 - 176 


+25. 1° 


36 



30 

Example 4 

Production of compound "S-21": 
Z-Phe L -Phe D 

D-Phenylalanine (17.3 g) and NaHC0 3 (17.6 g) 
35 were added to water ( 150 ml ) . 

N-Benzyloxycarbonyl-L-phenylalanine N-hydroxy- 
succinimide ester (27.7g) was dissolved in tetrahydro- 
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furan (150 ml), and the resulting solution was added 
to the above aqueous solution at room temperature. 
The mixture was reacted overnight. To the reaction 
solution, water (200 ml) was added and then the aqueous 
5 phase was adjusted to a pH of 2 with cooled 4N HCl . 
The desired product was extracted with ethyl acetate 
(500 ml). The organic layer was washed first with 
IN HCl and then with saturated aqueous NaCl solution, 
and dried over anhydrous magnesium sulphate. The 

10 solution was evaporated to dryness under reduced pressure. 
The resulting residue (28:0 g) was ' re-crystallized 
from ethyl acetate/n-hetane to obtain the required 
compound (20.3 g, yield: 65%). 

In the same manner, compounds "S-22", "S-23" 

15 and "S-32" were obtained. 

The melting points and optical rotations of these 
compounds are given in Table 3. 



Table 3 



Compound 


Molecular • 
formula 


m.p. 


(°C) 


Optical Rotation 


S-21 


C 26 H 26 N 2°5 


119 - 


125 


[a 


] 17 = 


= -34.2° (C =l,EtOH) 


S-22 




158 - 


163 


[a 


] 23 


= +13.9° (C - l,EtOH) 


S-23 


C 26 H 25™2°5 


133 - 


135 


[a 


123 
J D 


= -19.5° (C = l,EtOH) 


S-32 

M^. 


C 28 H 28 N 2°5 


189 - 


191 


[a 


] 22 


= -24.0 (C = 1,DMF) 



Example 5 

30 The absorption promoters listed in Table 4 were 

dissolved or suspended in 0.5% CMC-0.05M tris-HCl 
buffers (pH:7.8) and the solutions or suspensions 
were mixed with aqueous insulin solution. Female 
ICR-CD-I mice, 5 to 7 weeks old, were orally 

35 administered with predetermined amounts of the mixtures. 
A predetermined duration later, the percent decrease 
in blood glucose and the degree of elevation of blood 
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insulin as compared with a control gorup were measured. 
The results are shown in Table 4. 

The symbol "Z" in the structural formulae in 
the Table (and in Example 4 above) represents a 
5 benzyloxycarbonyl group. The upper figures in the 
right hand columns represent the percent decrease 
in blood glucose and the lower parenthesized figures 
indicate the degree of elevation in blood insulin. 

10 
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1) Decrease in Blood Glucose (%) 

2) Degree of Elevation of Blood Insulin 


o 

VO 

"a 

■p 
s 
c 

If — 


35.6 
(9.64) 


29.7 
: , (2.67) 


43.4 
(4.85) 


.59.7 
- (5.07) 


. < >. f : • ■ 

CO OJ 
.. , . VP 
vO • 
vo m 


? " "18.5 h 

(9.82); l: 


37.8 
(3.31) 


1 

o 
rn 


57.1 
(7.31) 


37.3 
(11.8) 


61.5 
(41.9) 


54.0 
(11.8) 


50.8 
(6.05) 


31.9 
(43.4) 


35.2 
(6.31) 


Dose with Insulins 
2.5 U/10 g 
(Body Weight) 


6.0 mg/10 g 


3.0 mg/10 g 


6.0 mg/10 g j 


6.0 mg/10 g 


6.0 mg/10 g 


1.5 mg/10 g 


6.0 mg/10, g 


Structure 
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Coipound 


S-8 


6-S 


S-10 


S-11 


S-12 


S-13 


S-14 
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i in Blood Glucose (%) 

if Elevation of Blood Insulin 


i 


8 


60.7 
(2.36) 


27.2 
(2.99) 


50.6 
(21.2) 


67.2 
(10.6) 


32.7 
(2.46) 


32.7 
(5.26) 
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Si 
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Si 




S3 


Si 
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! 
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2.5 U/10 g 
(Body Weight) 


3.0 mg/10 g 


6.0 mg/10 g 


3.0 mg/10 g 


6,0 mg/10 g 

! 


1.5 mg/10 g 


6.0 mg/10 g 


3.0 mg/10 g 


Structure 
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Table 4 shows the effectiveness of the absorption 
promoters of the present invention administered orally, 
but it should be understood that the same results 
are obtained by using the absorption promoters as 
a conventional suppository preparation, together with 
insulin. The absorption promoters of the present 
invention are very useful in that they enable clinical 
insulin therapy by the oral or perenteral (e.g. rectal) 
administration. 
Example 6 

Toxicity studies of phenylalanine derivatives 
of the invention, in respect of their oral IN potentiat- 
ing activity in female CD-l(ICR) mice, were carried 
out, the derivatives being suspended in 0.5% CMC. 
The results are given in the following Table; 5. 
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Example 7 (Preparation of Tablets) 

Porcine insulin (0.577 g, 15000 U, Zn content 
= 0.5%) was dissolved in 0.05 N HC1 (30 ml) and the 
thus obtained solution was diluted with distilled 
5 water ( 30 ml ) . 

The compound "S-27" (6g) was dissolved in 0 . IN 
N.aOH (200 ml) and the pH was adjusted to 7.5 by the 
addition of 0;1N HCl . The solution was diluted with 
phosphate buffer (0.02M, pH 7.5) to a volume of 600 
10 ml. 

The insulin solution produced as above was added 
dropwise to the "S-27" solution maintained at 20°C 
and with- vigorously stirring^the resulting solution 
was adjusted to pH 7.5, and immediately was freeze- 
15 dried. 

Tablets were prepared from the frieze-dried material 
(25 mg), pregelatinized starch (82 mg), microcrystalline 
cellulose (82 mg), and magnesium stearate (1 mg). 
Then, enteric coating tablets were prepared by a 

20 conventional method using an aqueous solution of 

hydroxyphenylmethylcellulose (8%) as a pre-coating 
agent for forming an undercoat and an aqueous solution 
of hydroxypropylmethylcellulose phthalate (10%) and 
polyacetyne (3%) as a coating agent. 

2 5 Example 8 (Preparation of capsules) 

To glacial acetic (250 ml), the compound "S-22" 
(30 g) was added and dissolved by heating. Porcine 
insulin (2 g, 52000U, Zn content = 0.5%) was added 
in small portions to the above solution cooled to 

30 20°C, with stirring, and dissolved therein. From 

the solution the acetic acid was distilled off under 
reduced pressure and at the same temperature. 

To thus obtained solid residue, n-hexane (100 
ml) was added, and the solid residue was pulverized, 

35 put on a filter, and washed with n-hexane. Then 
the n-hexane adhering to the powder was evaporated 
under reduced pressure. The powder was dried under 



00935 

-20- 

reduced pressure in the presence of solid NaOH. 

Dry packed capsules containing 50 mg per capsule 
of active ingredient were prepared: 

the above powder . . . . . . 50 mg 

lactose 149 mg 

magnesium stearate . . . . 1 mg 

capsule 200 mg . 

The powder was first reduced to a No. 60 powder, 
and the lactose and magnesium stearate were passed 
through a No. 60 sieve cloth to fall onto the powder 
and mixed sufficiently with it. The mixture was packed 
into No. 1 dry gelatin capsules. 



15 



25 



30 



35 



0093551 

-21- 

CLAIMS 

1. A pharmaceutical composition characterized 
in that it comprises (a) at least one medicinal substance 
and (b) a phenylalanine derivative having the following 
5 general formula: 

R 2 -Y-X-NH-CH-C00H | 

10 

wherein R* is a hydrogen atom, a fluorine atom, a 
nitro group, a hydroxy 1 group or a hydroxyl group 
protected by an esterifying group, X is -CO- or -SO^- , 
-Y- is a straight bond, a lower alkylene group, a 
15 substituted or unsubstituted vinylene group, or a 

2 

group having the formula -CH 2 ~0- or -0-CH 2 -, and R 

is a substituted or unsubstituted phenyl or naphthyl 
2 

group; or the group R -Y-CO- is an N-benzyloxycarbonyl- 
phenylalanyl group, an N-benzyloxycarbonyl-4-f luoro- 
20 phenylalanyl group or an N-(m-methoxycinnamoyl ) phenyl - 
alanyl group; or a non-toxic salt thereof. 

2. A composition as claimed in claim 1, wherein 
said medicinal substance is at least one substance 
selected from polypeptides, their derivatives, and 

25 the analogues of these compounds, which have two or 
more hydrophobic amino acid residues close to each 
other or in a cluster at one or more regions so that 
the said residues interact non-covalently with the 
hydrophobic portions of the adjuvants. 

30 3. A composition as claimed in claim 1 or 2 , 

wherein said medicinal substance is at least one 
substnace selected from (1) a soluble globular protein 
having a cluster or clusters of hydrophobic amino 
acid residues on the surface, (2) a cyclic peptide 

35 having two or more hydrophobic amino acid residues 
close to each other or in a cluster; and (3) the 
preferred conformation which is induced by the presence 
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of the adjuvant from a random coil or other forms 
of the polypeptide and its derivatives and their 
analogues, and has two or more hydrophobic amino 
acid residues close to each other or in a cluster 
5 at one or more regions. 

4. A composition as claimed in claim 3, wherein 
said medicinal substance is at least one substance 
selected from insulin, insulin-like growth factor 

I, insulin-like growth factor II, pancreatic poly- 
10 peptide, a cyclic peptide hormone, a peptide hormone, 
and a peptide effector. 

5. The use of a phenylalanine derivative having 
the general formula: 

R 2 -y-X-NH-CH-COOH 



15 




wherein R , R , X and Y are as defined in claim 1, 
20 or a non-toxic salt thereof, as a promotor of the 
absorption of a medicinal substance. 

6. A phenylalanine derivative having the general 
formula : 

R 2 -Y-NH-CH-C00H 



2 5 




wherein R , R and Y are as defined in claim 1, or 
30 a non-toxic salt thereof. 
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(§) Pharmaceutical composition. 

@ Phenylalanine derivatives having the general formula: 




<: 



and their non-toxic salts, have been found to promote the 
{*} absorption of medicinal substances such .as insulin, (n the 
1 above formula, R' is a hydrogen atom, a fluorine atom, a 
' nitro group, a hydroxyl group or a hydroxyl group protected 
by an esterifying group, X is -CO- or -S0 2 - -Y- is a straight 
bond, a lower alkylene group, a substituted or unsubstituted 
•O vinylene group, or a group having the formula -CH 2 -0- or 
||) -O-CHj-, and R* is a substituted or unsubstituted phenyl or 
naphthyl group; or the group R 2 -Y-CO- is an N-benzyloxy- 
Cv carbonylphenylalanyl group, an N-benzyloxycarbonyl-4- 
fluorophenylalanyl group or an N-(m-methoxycinnamoyl) 
Q phenylalanyl group. 
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